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Abstract 



PROBLEM TO BE SOLVED: To provide a polymerization catalyst for producing a polymer containing a high 
content of a cis 1 ,4-structure in its microstructure and having a narrow molecular weight distribution. 
SOLUTION: This catalyst composition for polymerizing a conjugated diene comprises (A) a metallocene 
complex of a rare-earth metal compound (e.g. a samarium complex or the like) and (B) an ionic compound 
consisting of a non-coordinating anion and a cation, e.g. triphenylcarbonium tetrakis(pentafluorophenyl) 
borate and/or aluminoxane. 
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3fX (^>-?7/M-o:7xX;p) K 

f^xD-fe-^ff^^f^ (^7;W7x« 

^mit^m^tsm^m 1 =srv> l 3^-tti^ 1 imcis 

[ ts^JS 5 ] *±®^®-ft;^i^^ ? dht vmmwt: 
^fs ^x y^M-&fflg4« t t> v ^ tz#><nm& 

i 6 ] m$zm i l 4 ^-ttifr 1 mztm 
[ IS*3@ 7 ] it l & v ^ L 4 ^ v ^fifr i mz%m 

I 8 ] $ ? ofl&tk: & ft & >- x l , 4-«Bt<o«£*r 
S#80 mol%tLtrftO. ^fi^^Mw/Mn^2.00JilT 

g#80 mol%UJLhT*ft 0 . fl^Stfffi Mw/Mn*«2.00tlT 

[00 0 1] 

mmfm&xsmmm&mzittti&Mmtizm^^ 

[00 02] 

[ft#<o&ffi] fta^xy^a^ftHSEtco^Tii. ft 
*J:9»£<<o«*#*§;hT;fe9* Xlil«fc:ffi«>Tfi 

S>9. ^ft^(T)o%<o^<r>M±. -tTl,z7?i;x.y^ 



* vrwmnn&mkh Lxummz^m^^tix 

1^4 (End. Ing. Chem., 48, 784, 1956; «r&E37-819 
[0003] — HtcSEV^^l, 4»-&*^T**J cfctf 

^tC&o*: (Makromol. Chem. Suppl, 4, 61. 1981; J. 

Polym.Sci., Polym. Chem. Ed., 18. 3345, 1980; 34 
H#imS2.848,964-^; Sci. Sinica., 2/3 , 734, 198 
0; Rubber Chem. Techno 1. . 58, 117, 1985£r<h'£# 

m) . ztih<r>muk^x\ **wjxfc-&mtim 

T JU § x »> A <ft£ft Sr t -T 4 V 
1. 4tt-&#W*i: ttflfca^SttSrW-T & i t ^HigS 

V^l) (Macromolecules. 15, 230. 1982; Makromol. Che 
ra., 94, 119, 1981«:#Rg). 

[0004] 5fi^X«t$«<7)Jt*t=#V\ iKfrPttm 

-&*Stt£*^**a««:Jflv*T. 5^n«ttfc:*j»t*^ 
[0005] 

>?xy(OS-&fflfl4ffiS:Sflt-r4i fc(c*>4o J: OJIttW 

^^oifjitc^its^iM-aiieo^fi^ 

nn&mMuzmm-hztizbh. *m&>m 
commit. ±fc<Dmt£tt&m&{*Rxf*nm&j3m 

t:m&~tZ>Zbf f zb&. 
[0006] 

t*mmt im^h^tzmmwL^m^hz t iz* 
ot. &®i;*>mi:3hm£<mtti>zbtfx'*&z 

^ 9 vffimztel'f& is xi, l-W&n^&tfWshX-m 

<. tfri> s;x ym&ftzwkx 

$a&ztitzb<ox't>&. 

[0007] TOfcfe*Mi. ftfi^xv<o«^ofc 
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*VxX/U#;U;tfx *>A-f h^^rX (^7/^D7x 

tfl^K h »J 7 xX/I^/UtfX^Ax h 

^'j-^f F7^x (^y^7/^o7iz/n #u 
— K l,l'-^f;P7xn^Af h7^^ 

[ooo8]^fc, g'joa^^ii. *da*JWfcA» 

(7)MTT'Myx > Zm-S-fh ZklzXW^hZbifi 

Jff4U<«490 nolZJyju «* L< (495 moiZfcl 
±. «f£#4L<li98 Bo«J2LbT*0. a>o#^S# 
ffi Mw/Mn^2.00iaT. #£L<(4 1-80J21T. i 0#4 

4L<Ji 1.30iaTT**«^Mi#S*ift. CcoS 
£fM4 , Jiieofi^ffl«MffldEft<o»ftTT*a >-'x y 

[00 09] 

LT«i. «itf. HR*(I) : R a MX b ■ L C X(4 
-flfcrt(II) : R a MX b QX b («4». Mli#±a4a* 
; Rii^n^y^xx;^ S&^n'O'^ 

T % swyym?. Tjua^i/vm. **?-vm. r 
/H^iiHtft*»ssL ; QimmmmmnmTvm 

£^L;alil, 2 , Xtt 3^S^Sr^ L ; bl40 , K 
Xf4 2<7)^c£^L ; c(±0. 1. Xli2<7)SE»** 

[ooio] ±ie—«*(i) tis^T. M^-r«±3a 

ro^f^A, f7'J^ s a^ot') 



**»4U*. a^2T'J)^, 2ffl<50RttRl— TfcS 
2fflc0XX(iL(i^ixmiHl-T€S : 5:oTV^Tt> 
[0011] WWk*s? w<yf x'x-^S, H&>f yf 

n-y^;PS v ^y/f/H, sec-y^/Ug. tert- 

y^/us. ^r^;ug. 7xx/ug % ^yi?)vmti;K<n 

xz;Mfl/yS, y7x-/Mfl/>I, xfl/y 
^xf-U>S^OS5fSS-Cite^S^lTV^rtct 

<. Rt*o Lfim^zisx+juisyjum. v*^ 

^fU>S, xfuyg, iixfi/ys^«st 

[0012] WMls? n^y?iSj:—;\,m<?>Mikmk L 

/US/^o^o^^x^^S, b-;i/y^n^y^yxx 

A'S. 2-^ h^i/X^S/^ o^v^i/x^Ug^ 

^ V ^y^n^y^yX-;H, tert-y-^/Ui/ 

g. ^ x ^/Ui/ ^ o^. y ^ y'xx;H, 1,2-^^;^ 
^n^y^yxxyug, l.B-^f-z^^y'o^y^^x 
x;US^ 1.3-^' (tert-y^;P) y^D^^y'x^ 

1,2,3- b'J^f^y^D^y^y'xx^i, 1,2,3, 
4-f h^^f/l/y^o^y^yxx/H, ^y? 
y^D^y^y'x-;H, l-x^;l^2,3,4,5-f-h^^< 
f^y^Q^y^y'XZ/H, 1-^>-^-2,3,4.5-t- 
h^^^Ui/^u^v^^xxyUg^ l-7xX;K3, 
^.S-fh^^f^y^n^y^y'xx/H, 1- h y 

U;u-2,3,4. 5-r h f^y^p^y^yx^ 
g. l-h»J 7;U^-n>^;U-2,3,4,5-ir 

u^y*i/ju-)vm£)£ifimfhixh. mm^yf^ju 

x/US. >\r^^^;U>f yf-;H, 1,2,4,5,6,7-^^r 
t>^Hyfx;H^tWf ^ix£o RhUi^ 
y^^f/Py'^n^y^y'xx/H^jffi: 

[00 13] XtfWk*>^T)\s3*isYmt LTtt. 
^r^S. xharv-s. /n^vS, n-/bafyl, >f 

0!§K]Kr/Uaar^S, 7x^yi 4 2,6-i^-tert-y 
f^7xy^ryi, 2,6-yMVTDe;P7xy^yS 4 
2,6-> ; ^^^>'^yU7xy^r i^S , 2- tert- y f*;U-6- >f 
Vyotr/U^xy^r^S, 2-tert-y^;U-6-^^y^ 
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y * >-S3r b'OT y KS<OV ^*fl"C k J: n 

[00 14] XW&trtttJ-hmt LT«. 

2,6-^yrotW7x/^xS, 2.6-^** 

^fyW^xy*^, 2-tert-7 r ^-;P-6— f VTo 
W^*7x7^yl, 2-tert-yf-;U-6-f-^^^^.> 
^:7xy*^S. 2--f 

/^iy^ri/i, 2,4,6-hH yrp b n^;t 7 x y * 

2A.e-bV4V7n&W-*7xS*>>mtf1ff£ 
[00 15] T£ KSfcLTfcL S^fVl/TS FS, 

x/urs hs. 2,6-y>fyro^7x^rs Kg, 

2,6-^^V^^x-/UT^ KS. 2-tert-^>;U- 
6-4 yrnt^7x^7^ 2-tert-:7'>;P-6-* 

^yf;i/7x-^r$ kul 2-4 yrobvu-6-** 

^yf;l/7x^7$ Kg. 2,4,6-tert-:7^/U:7jr- 
/UTS MKr4f*>ry-/i/7'5 KgOVv^fvekJ:^ 
2,4.6-tert-y^P7x-;Ur$ KS#$?£U\ 

[0016] x^t^oyyffd 7 7$if, 
mmm^B * u*. &tm& 1 ^^20 

-Yyy^PS. sec-:/fvUS. tert-:/-?-/U^ 

g. >fy/f;n, by 

[0017] l#^vm xmscft&ifob lt«* n 

tf. x-t-;H^^j. xxf;Ht», thy^i, 

%b'&m^hzttfx*£z>w. ztibizmjzzti&zb 

tt*v*. H^(Il)fci3V^Q«ffl«W«»lll|R7C* 
K7BR^«fWlt LTtt. 7;Kx 



[0018] 3fc(I)T*3il4*±»£«Mfc^^X * 
a*ygmft<7)Mfamb LTfcL fflitf* t^^** 
^/l-^? n'O? i>'XX/Ub\Xx h7tf'D77 >"9"? 
U^A, ^^/Uh-'X^^^^^^^n^v^^xxyu 

fh7tHU77yt"7'J^A > ^PDt'X^y^^f 

XtiH-Ft'X^V^^f-^ix^o^V^^xx/U 
f N 7 1 K n 7 7 V t7 'j f Wftii, xt(Il) 

cooi9] wmkbLxm^hKhjitymkem 
ymt&mtc x&wrt i t #*c& -!> . MEtittrx* 

>fcLTii, ffilitf. fh7 (7x-/W #U-K x 

X (y'7;^n7x-/H K ff7^ ( hy 

7/^D7x-/H tfV-K fh7^rX ( h ij :7/M" 
n7x-;H K f h7^rX 

xX/U) tKU-K fh7^ (fh77/^D^W 
7xl/H JiO— K Th7 ( h y/U) ^U-h, r-h 
7 (^y/U) ^U-h. (h'j7xX/k ^7^ 

*o7x-;H#l/-h, [hn(^>^7/^o7 
x-/H , 7x-/H ^U-h. h'Jf*MH9-f H 

[0020] LT«. ^/^x^A^f^- 

Xt^x^A^^v. y;n\r^h»Jx-;^f^ 

m^^WLi^hy xn^-»!;^^^i:'^ 
Viik**-?**. ^/^x^A^^^S^Jt L 
TfcL N'J7x-;^;kfx^^f^y. hy«»7 
x x;u^ ;P tKx^a^^^ ^<7)Hgj^^ ;U^fx t> a 
Xr^Ji-^tapfrfiik^S*. h'Jii7xx^ 
.f-^A^f^-yolWIi: LTtt. by (^f;l/7x 
x;P) *yUrf<x^A*f-*v. h'J (y7f^7xx 

^x^A^f-^V^S^fcLTa. bV*^)l>T>*: 
-^A^/f^y, h'jxf^ry^x^A^f^-y, h 
yrnbvi^r^x^A^^v. h'j/f^ry^x 
h'jfn-yf^ry^ex^^f^yi 
^h'jrwry^ex^f^y, n,n->?x^;l, 
7-'jx»)Mf^>, N,N-2,4.6-^y^>^;urxy 
x^A^f^y^OT.N-^WxUx^^f 
^■y. y(^f yro W7y^xr>A^f 

7- x ^ A ^ y % k'co i?T)V*)VT y 
^-*72±f3tty*m j fh^btfX**h. ^X^xt>a 
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>\ bV (y7f;l/7x-/M 

b'<7)b VTV-JU***-*}J*#^*yi:mf& Z btf 

n C o o 2 i ] R-f *ymt-&m&. immtr^y-R 
lfi]**y<r)*frt>. Zti^ti&mizMiRLxm&Urb 

yftik'&mb LTte. h'J7x^y^-^fh7 
^rX (^y^7;^D7x^) K h'j7x- 

^VU^X^At h^^X (fh77^n7x^H 

^7W07xZ/H *U-K l.l'-y^WxO 

-trx^T- (^y^y/M-oyxx/u) 

sx lx ij y&m&&mit&m&£M? § a 

/MX^hLT. B(C6F 5 ) 3 . Al(C 6 F 5 ) 3 ^i:^fflV%^<I 
[0022] iftfct&i: Lxm^htL&TJl>$S**ryt 

LTii. #j;Uf. ^r/u ^ -^Mtsmtm^m t * 

J: 9 JlttWKli. HR5C(-Al(R')0-) n 

mviTJi>$ s*y-yxtemvtT)u*s*y-yt:m^&z 

#*L<tt5ULb. ckO»4L<«10feU:Ta> 
I). R'kLTii. ^ZU'S. x^;US, rnt;H, 

A. h 'jx^;i/T;U5-^A. h y 4 y 7+)VT)V S - 
*>^$r ko h y TVl^/l'T/u S —VJ*&Tf*<nm&ltofc 

2±X'foh. b V*J-JUT)l> b X )7+)VT)V^ 
~^J±b<nm£ifyliWmb LX m^tcT JUS yt> 
$mizm^2>Zb&T*2>. Tiv^j^y^A^y'&L 
it-Sty b « T ffi^TUK 

[00233 *»0Hc7)««fflfiE!fttt, ±ieeo^(A>a 
it&mbtx. ^tortus— mmv+'tJ* 
fvuy^A. y^/uy^A. 7x- /uyf-^A. < 



a. s^x^ffiis. ^fvuffiiti. h y f-zi/r/us x 

x*^ h'j^y^r^^-^A, hy^^^;ur;p 
$x^a. h V?i/J]/TJls*-*y/>Kct'$:m^Z>Zbfr 

/P*W*5^2*?n94 S/'y ^-;ur;U £ —^2* y a 
h\ yXf^7^^^A^D7^f F. tX^fXf 

v4 b%b*<V£ottm&^niryit&m. i/'xf/i, 
TVl^x^yvf F^4 F. HrX*Xf-;l/T^x^A 
»W F54 Hcoj:^***^iar«IA«ft^tfflv^Tfc 

[0024] *^^J!«BB*«i(c*5«t4±IE«»(A) 

m<vmm*&mzfctxmgmfR~?2> zb&*imx& 

«r*tr««We«±, *4KA) : j£#(B) (t;Hfc) Sri : 1 
—1 : 10000. tt£L<te 1 : 10-1 : 1000. §££#4 

l < « i : 50-1 : soommtz-tz Z b WX'Z h . ^±m 
&mit&%abJ*y1Ht'&fab Z-irtimgmX'te. &Ltt 

(A) : fiE^(B) (*r;Wt) Sri : 0.1 -1 : 10. #4 L<« 
1 : 0.2-1 : 5. $4>tC»^ U<ttl : 0.5-1 : 

titfxw tti. f&ttio&itttmmmax'ii. »± 

itf. 1 : 0.1-1 : 1000. jfiKlil : 0.2-1 : 500. 
SS>£#£L<U:1 : 0.5-1 : SOgflrCfc*. 
[0025] *»^^fi^*ffiTS-&FTffisfi:*ft>?x^ 

1,3-y^vxv. y7°u>. l.^y^yxy, 2-x 

^)V-\3- /^y'xy, 2,3-Sy^^y^^xy, 2-> 
^u^y^Syxy. 4-^^yu^v^^xy, x«2,4-^ 
^r^x>'^kSr#tf-S» ( lk^rS. Ztlt><7)0*>\3- 

[0026] *^tfOfi^^i. *«C^»ttTX«* 

tiif. ze>mmi&mzmMzti%w mm. r?y. 
^y?y. ^vy. ^ ymnffitommtmikfr 
m; ->7w<y?y. y;o^t y^t&mmm^^. 

lt*m ; l-^fv, 2-yry^co^y^Uy <t yfR ; ^ 
y-trV. h;uxy^f ; fift^f l/V, 

^oo^;UA. HfflftflSR. hy ^o^xf-l^y^ 
^oypxf-uy. 1,2-^7 oox^y. ^o/U^y-tf 
y x ^ojU^yHf^^ 9u)\,b)Vx.yig<r)j\uyyttM 
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*.lf-100-KXrc<OEH, L<(i-50-80 # C^KHT- 

fc:*J*t*S/X«Bt^)*«»4. il«*480 nol% J2LLT* 
0. #£L<(490 mol% feJLt, £9«F£L<(495 nolZ 
ULt. «ft»4L<«98 nollCUi-e**, 
***fcHLTtt. fWtoi#2.00&T\ #*L<*4 1.80 
J3TF* J:0#4L<« 1.60J2TF, £4>fc:i?2L<(4 1. 
40JJIT. It^Kli 1.30J2TFT**. *%Hjcofi 

iS^gfew^ft (&3c£tt9) i:sas^#e 01 

[0028] OT> mmttzX 0*»W«rS 

*U>t>coT«4$:^. S6*S«+^-KU^^x><7)$^c7 
>H NMRfc<i:tP 3 C NMRtcfc »5f#&*Ufc fc°-? V H 
NMR: 8 4.8-5.0 (1.2-h*x;PjLX . y h^=CH 2 ) . 5.2- 
5.8 (1,4-XX.y hCO-CH=tl,2-h-;^x. y hco-CH 
=), i3 C NMR: 8 27 .4 (l,4-^az 7 M . 32.7 (1,4 
-hyyxx-->yh). 127.7-131.8 (1. 4-xx v M % 11 
3.8-114. 8 fc 143. 3-144. 7 (1 , 2-t*x;U;rx 7 h))c7)f^ 
ib&^KBU:. 4fc. llWihW (Mw) . 

(Mn) . $HP*4MB (Mw/Mn) {4. GPC^i O^U 

[00 29] ffll 

30 mlWJEtf^XtfHH;:. t^^v^jrf^s^n** 
V 9 y'X - ;U t'* r- h 7 h K o 7 7 V if V'J ^ A ( ( C P * ) 
2 Sm(THF) 2 ](Cp* : 'O'** +)Vis? XD^y? i/JL - yUg 
fit?) £0.01 mmolffcii^ h;PX>-6 BlfcSMBLfc. O 

wt\ mmao (mv- • r?vtt«fc ■jBaesft/o** h/u 
xvorsttr^sy^ifv) £Ai/sm=2007cSit£:3:& 

?7**»6;KhyUtrtt9ffiU 1,^^1^1.5 g 
tirii*, SO-CTS^raS-g-Sr^To^:. S-&f£, 10 wt%co 
BHT C2,6-t'X(tert-y^;U)-4-^^;U7xy-;UD 5: 

T*9. ft¥^^*4401.000, Mw/Mnlil.82T£>o 



fc. 

[00301P12 

30 m!itff;#7X;KWl4C. >^;Ut"^^y^^^;U>- 
^ n^y ^ i^x-yUx h7t Kn77 (Cp 
♦) 2 SmMe(THF))£0.01 mmolfBA^ h/UX>6 mlfcTjgfl? 
Ltz. o^TiWA0£Al/Sm=20(^m£&& J:3(c^Sd 

TKhyP^rKOttiL. l ( 3-y;yxyjl.5 gttii*. 50 
< CT15^rafi-&Jrfi : ofc # fl^f*. 10wtf<OBHT£*tf-X 
^ywMOiiSrjDiTRJC«rff±L. 

4^*41.260. 0<Xh Mw/Mn«41.69T*Ao7t. 
[0 0 3 1 3 W3 

30 mmBZtfJAtfhMz* t'x^y? * Crisis 7 
yf'jj^—jvtx^r N7hKD77 y*r~? u ^ a ( (cp* ) 

2 Sm(THF) 2 ]S:0.01 nnpolfta*. h;UX>6 mHCjgML 
fc. 0^th»J^y/f^T;P$-»>A 0.1 mmoK h 
'j7i-;^;^-^^f h7^x (^<y^7;^n^ 
i-/H sKU- h (Ph 3 CB(C 6 F 5 ) 4 ) 0.01 nnnol^^JllL 

TlO^iaa^Srffo^. a^-m. 10wt%cOBHTSr#tf^^ 

y-^/ffiKS^igiKTa^Sr^Si LT60°CTSSte 
t&Lfz. &t>tltzW&ft<D!Rm*78 wtXT**ofc. a^ 
frcO^^n^st^^x^fi^.O raol%T'J>0. 
^i(4263,000. Ffci/Mn«41.34T*ofc. 
[ 0 0 3 2 3 W4 

30 mlWE^^X^h/Hc, y7f^r/P = x^A ( ju- 

-9- V U ^ A ( ( Cp* ) 2 Sm ( ,u -Me) 2 Al Me 2 ] $■ 0 . 01 mmol ft ji 
^ h;l/XV6 nHCjgJWLfc. 0^th'J>fy/f;l,7 
;U^xt>a 0.03 dudoU b'j7i-;^fx^fh 
(^v^7^D7x^K ^U-h (Ph 3 CB(C 6 
F 5 ) 4 ) O.OlannolSaawLT^h^SrjTttLfc. 

VS:1.5 gtt^. 5CTCT54Ma«^*ff^fc. fi^. 
10wt%<7)BHT$r^y ^y-;H0 ml Sr Jn^.TaC$r^ih 
L. S^tc^fi^>^y-yU/^RS^«T-a^** 
#18LT60-CT'&2««L*:. »fe*ifc«**^fl»«4 
94 wtZTfcofe. fi^f*«0$^ofl|Jg«-/X*JIA<90.0 
mol%T'*0. a¥^F4»4429,500, Mw/Mn(41.56T 

[0033] 



5(7) 000-313710 (P2000-313710A) 



*F 4J015 DA04 DA05 DA37 
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